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Abstract 
Due to the growing concern of productivity and competitiveness of the construction industry, 
and a technology moving as rapidly as that of the computer, change is inevitable. According to 
Paulson [1], project members or stakeholders spend many hours traveling to meetings at 
distant locations to resolve issues that arise during the design and documentation, or at the 
construction stages of a large project. By implementing reliable communication systems or 
channels (beyond simple phones, surveying equipment, etc), easily accessible by all project 
team members, and by using the best channel for each application, will ensure a faster, more 
accurate and less ambiguous response from the construction team, with some degree of 
confidence that the information has been transmitted correctly. The more up to date and 
comprehensive the information, the smoother the implementation. The Online Remote 
Construction Management (ORCM) Research Project aims to develop, trial and/or evaluate 
communications systems, which allow collaborative design and construction to be undertaken 
between members of a geographically dispersed construction project consortium. Utilising 
sophisticated computing functionality together with advanced communications technology, 
such systems should substantially enhance the capacity of design and construction professional 
and trades personnel to improve the two-way flow of accurate, appropriate and timely 
information within and between central offices and project sites; to improve industry 
efficiency and competitiveness; to lower the effective cost of design and construction; and to 
improve the communication and working relationships of all parties. 
Key Words: construction industry; information technology; internet based communication 
systems; remote.  
1. Introduction 
Many practitioners and researchers argue that communication and/or documentation is perhaps 
the biggest problem currently facing the construction industry. The industry is characterised by 
being highly fragmented and adversarial involving many different stakeholders from the client, 
financiers and consultants through to contractors, subcontractors and suppliers. Brandon [2] 
states, “of all the areas of information technology currently being developed, there is little 
doubt that the most active sector is that of communication”. Love et. al. [3] comment that in an 
industry, as 'information-intensive' as that of the construction industry, where creating and 
sharing of information is inevitable, time is still wasted in locating it. The construction 
industry is therefore forced to accommodate an “ineffective communication and information 
process” that has been proven to contribute to project cost and time overruns. Communication 
between project team members and the client is made easier if the lines of authority are well 
 defined. That is, where formal communication lines and a positive working environment 
enhance informal communication within the project team and therefore contribute to the 
success of the project. The key benefit from introducing new information technology tools into 
the construction industry, as identified by Shtub et. al. [4] is the ability to communicate across 
the different shareholders of the project, where digital data is fast becoming the 'de-facto' 
media for the exchange of ideas and comments. 
2. Project Background 
Construction, unlike many other industries, is heavily fragmented with numerous design firms, 
contractors, subcontractors, and suppliers involved in almost every project. Paulson [1] 
comments that leading consulting and construction firms are increasingly recognising 
computers as a strategic technology, and it is very probable that these firms will be the ones 
who will ensure the industries success in the future. Increasingly, design offices have become 
relatively sophisticated in their use of computer-assisted tools when compared with the 
construction site. The linking of key offices and the personnel and data sources held there with 
the site office enables design and other information to be transmitted and downloaded, from 
both ends. Currently, information is often ‘lost’ in the sense that vital information is not 
retained for easy re-use and must be re-entered, or bulky manuals and drawing folios must be 
carried, to ensure the employee working out of the office has rapid access to the information 
needed to perform some of their tasks.  
3. Project Significance 
The shear volume of communication required to bring a project to a successful completion 
compounds the problems of ineffective communication in the construction industry. The New 
South Wales Government [5] comments that a $10 million project with monthly cash-flows of 
$500,000 might have as many as 50 contracts, 5 different consultants, 200 tenders, 600 final 
drawings, 3,000 amended drawings, 150 contract variations, 600 site instructions, and 6 
meetings per week. The use of appropriate IT would be invaluable in improving the efficiency 
and productivity of such projects. Further, the New South Wales Government indicates that 
even a 1% improvement in productivity on their annual expenditure of approximately $6 
billion could fund the equivalent of 1 major hospital or 20 primary schools per annum. 
Nationally, the construction industry is valued at approximately $30 billion per annum and 
with preliminary studies indicating that with appropriate utilisation of IT a 1% improvement in 
productivity may be conservative, the potential benefit for the construction industry is 
considerable. 
4. Challenges Facing The Construction Industry 
Love et. al. [3] comments that Australian construction organisations are faced with many new 
challenges, including the need to: change current work practices; become more client 
orientated; more competitive as well as productive. These challenges are attributable to the 
many factors that effect the working environment, such as: globalisation of the economy; 
greater performance expectations from the clients; increased competition between local 
contractors; continued restructuring of work practices, and industrial relations. The industry is 
characterised by inaccurate and untimely communications that often results in costly delays to 
the progress of a construction project. The challenge of managing multiple different points of 
view, by a large number of specialist consultants, exists on every construction project. Howell 
[6] comments that better information sharing between disciplines and the automation tools 
 used can ensure large improvements in the efficiency, productivity and quality of the building 
industry. How well the large volume of information that needs to be shared amongst project 
participants are managed, will have a large impact on the outcome of the project. It is proposed 
that more innovative information technology based communications tools could be used to 
help improve the flow of project communications. Such techniques are proposed to ensure that 
communications occur in a controlled, timely and less costly manner than would traditionally 
be the case. Such techniques will ensure that information leakage is kept to an absolute 
minimum, thus ensuring that all members of the project consortia are in possession of the most 
up-to-date and accurate project information (Figure 1). 
Figure 1: Typical v Central Project Communication 
5. Research Aim and Objective 
The aim of the ORCM project is to demonstrate leadership in facilitating the use of on-line 
technologies for the design, management and construction of building and civil construction 
projects. It aims to identify and implement appropriate communication and information 
technology solutions that will improve resource management, support and integrate total 
project life cycle considerations, increase efficiencies on projects, ultimately reduce overall 
cost and improve project outcomes to project participants in the public and private sectors. 
Approaches within ORCM, including Collaborative Computer-supported Design and 
Construction (CCDC) and Internet-based Construction Project Management (ICPM), have the 
potential for saving considerable time during the various design stages and improving design 
and documentation quality, due to benefits such as less re-entering of data amongst the design 
team; less correcting of drawings because of miss-understanding or miss-timing of changes; 
less checking because of the common database; and less seeking of irrelevant details.  
 
Weippert et. al. [7] state the ORCM project will test, field trial and/or evaluate information and 
communication systems allowing the above issues to be addressed, evaluated and studied in 
depth. In particular, the project will establish up to nine case study projects that will foster the 
expansion of communication and information technologies in the building and civil 
construction sectors, thus stimulating the use of such technologies in public and private 
building and infrastructure projects.  
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 6. Research Methodology 
To ensure a proper outcome for the project and the industry as a whole, Kajewski et. al. [8] 
states the project incorporates the following generic stages: 
• Identifying the key features that make up advanced use of sophisticated computing and e-
communications technology in the design and construction management process, by phase 
and activity; 
• Identifying specific improvements that are needed in existing communications and 
construction management processes; 
• Identifying specific advanced IT solutions, which can support improvements in 
communications and construction management processes; 
• Adopting existing technology and developing new technology to enable communications 
and construction management improvements; 
• Implementing the designated technologies on selected remote civil and building 
construction projects; 
• Conducting case study analysis of the benefits provided by the implementation of the 
advanced IT solutions; 
• Preparing a set of draft best practice guide-lines; 
• Conducting workshops and seminars to disseminate to industry the results of the case 
studies; and 
• Identifying specific target benefits and outcomes through use of this technology. 
7. Communication Tools/Systems Used/Investigated 
Crawford et. al. [10] and Orr [9] comment there are a number of Internet–based Web sites or 
project management “portals” which have been established to service the E/C/O (Engineering / 
Construction / Operation) market’s requirements  (http://www.extranet.com/). Amongst the 
more high-profile semi-public project portals are AutoDesk's (http://www.autodesk.com/) 
Buzzsaw.com site, Bentley’s (http://www.bentley.com/) recently launched viecon.com site, 
and Cephren’s ProjectNet.com site, although companies such as BidCom, BricsNet, 
BuildPoint, CADX, Cubus, Meridian, and PrimaVera also have a strong presence through sites 
such as ProjectCentre site (http://www.projectcentre.net/); Meridian’s ProjectTalk.com site; 
IronSpire’s JobSite™ system; Constructware’s Constructw@re system; and Framework 
Technologies ActiveProject system. As anticipated, in Australia, some large organisations are 
already well advanced and have established their own portal sites for private or internal use, 
such as Bovis Lend Lease with their site ProjectWeb (http://www.projects.lendlease.com.au/), 
and Project Services (Queensland) with their eProject site 
(http://eproject.projectservices.qld.gov.au/). Weippert et. al. [7] state the following Online 
Remote Construction Management (ORCM) communication technologies are being examined 
for adoption on the various projects with the specific intent of producing the design 
documentation and undertaking the construction process in a more manageable, timely and 
cost effective manner: 
• ProjectCentre (http://www.projectcentre.net/): 
A secure web-based project management system for construction industry projects, 
whereby the project team can gain access to or transmit project documents from any 
location where Internet services are provided. ProjectCentre modules include: to do 
manager; drop box: drawing register and transmittals; general correspondence; requests for 
 information (RFI); site instructions (SI); approvals; project overview (public area); full site 
search; meeting manager; project library; contact manager; online help. 
• eProject (http://eproject.projectservices.qld.gov.au/): 
A secure Web based Project Management system developed and implemented by Project 
Services (commercialised business unit of the Department of Public Works), which has six 
electronically linked parts to it, i.e.: client briefing; design and documentation; project 
team notification; document viewing and publication; tendering, contract administration 
and electronic plan room storing facilities. 
• Expedition (http://www.primavera.com/): 
Primavera’s project administration and contract control tool helping project managers 
forecast costs, anticipate issues & control changes.  Also under investigation is Expedition 
Express - a secure, web-based project collaboration tool for remote team members to 
ensure timely responses to RFI's and design reviews. 
• Internet-Based Videoconferencing and Visualisation: 
The ORCM project proposes various videoconferencing tools/systems be used, tested and 
monitored for verbal and visual communication between members of the project consortia. 
This will allow for verbal and visual communication to be recorded and archived in a 
retrievable format within the various project web sites. The ORCM Research Team aim to 
test and report the success/barriers/limitations/etc of permanently installed digital cameras 
in suitable locations, which will produce time-lapse photographs of the overall 
construction sites. These photographs will then be automatically updated on the various 
project web sites for viewing by the project consortia. Additionally, cameras will be made 
available for hand-held use on sites, enabling site staff to record short video captures and 
photographs where this becomes necessary to ensure accurate representation of data. 
• Other Technologies: 
In addition to the above proven technologies, the QUT/CSIRO Construction Research 
Alliance proposes testing a number of prototype Wireless Application Protocol (WAP) 
devices on certain projects. The current research focus in this area concerns the use of 
leading edge “Bluetooth” technology: the name of a new wireless communication 
technology standardised in 1999, which is an open standard for wireless communications 
of data and voice that allows for the replacement of many proprietary cables that connect 
one device to another by a radio link.  
8. Data Collection Methodology 
According to Kajewski et. al. [8] and Weippert et. al. [7] the methodology has been 
implemented with an aim of being descriptive rather than prescriptive.  However, while the 
basic aim of the case studies is to understand the ‘how do’ rather than the ‘how should’, it is 
also envisaged that the results of the case-study analyses will provide direction for the future 
of project communication processes. To carry out this research it will be necessary to record 
all of the formal communication occurring between the contractor and the other project 
participants; i.e.: client, consultants, suppliers and sub-contractors, so that the information can 
be categorised and assessed, thereby allowing the communication flow processes to be mapped 
and analysed.  The study also aims to investigate the influence that design and documentation 
quality has on the information and communication flow processes.  The objectives of the 
ORCM Research Project are to identify, examine and evaluate the: 
• Perceived communication practices of contractors with other project participants; 
• Extent and occurrence of RFI's and SI's (in particular) throughout the project; 
 • Time implications of inappropriate, insufficient, conflicting or questionable information;  
• Barriers that inhibit the flow of information; and 
• Impact of advanced IT on the information and communication flow process. 
9. Data Analysis and Findings To Date 
Kajewski et. al. [8] and Weippert et. al. [11][7] comment, in analysing the information and 
communication flow data, a number of issues will be investigated, including but not limited to 
the following: 
• Total volume of correspondence issued on the project; 
• Volume of correspondence issued at different times throughout the life of the project; 
• Breakdown of correspondence by correspondence type and sub-category; 
• Breakdown of correspondence by organisation or discipline/trade; 
• Total time involved in the transfer of information; and 
• Overall and average response times for information requests. 
 
To date, the preliminary analysis has only been carried out on one of the ORCM Case Study 
Projects (CASE 1), as it has the most complete data set and could be used as a benchmark for 
other projects being reviewed:   
• Information and Communication Flows: 
CASE 1 was not a particularly large project, but because of the need to keep the existing 
building functional, it was fairly complicated and required a lot of formal communication 
to be carried out.  A graphical representation of the extent of correspondence carried out by 
the Main Contractor (MC1) and the Architects/Project Managers (APM1) on the project is 
shown in Figure 2.  The map does not represent all the communication carried out on the 
project, but highlights only those organisations who have either sent or been sent 10 or 
more items of communication, in relation to the project. While the organisations identified 
represent only between 20% to 26% of the organisations involved in communications with 
either MC1 or APM1 with respect to the project, they were responsible for between 88% 
and 90% of all communication carried out. 
 
Figure 2: Information and Communication Flow Map – CASE 1 
 Of CASE 1 data collected to date, Figure 3 indicates a total of 269 firms contacted MC1. 
Additionally MC1 were found contacting a total of 221 firms. A total of 69 firms contacted 
APM1, with APM1 contacting only 46 firms. With regard to the total number of CASE 1 
incoming and outgoing project related communications collected to date (9406) from MC1 
and APM1, 22% of firms (contacted or communicated with 10 times or more) represent 
89% (8413) of the total communications. 
 
Figure 3: CASE 1 - Total Number of Firms Contacted 
 
• Request For Information (RFI) and Site Instruction (SI): 
Due to the importance of the communication occurring through the RFI/SI system, this 
was seen as being one of the areas to be investigated first and an analysis of the quantity of 
correspondence occurring was undertaken.  Figure 4 gives a graphical indication of the 
comparison between the total number of RFI's (351) issued to APM1 by MC1 between 
July 1999 and September 2000, to the total number of SI's issued by APM1 (236) in 
response to those RFI's, illustrating the preliminary results of an investigation into: 
• The quantity of RFI's and SI's issued per month; 
• The total quantity of RFI's and SI's issued for the project to date; 
• The comparison between the quantities of RFI's and SI's issued. 
 
Figure 4: CASE 1 - RFI and SI Monthly Comparisons 
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The data indicates that up until the end of March 2000, the number of RFI's issued on a 
monthly basis was significantly more than the number SI's, but then were generally 
comparable on a month-to-month basis.  The data also shows that while the monthly 
quantities of RFI's was fairly inconsistent throughout the project, the number of SI's 
generally continued to increase during the project until May 2000, when both RFI's and 
SI's started to decline.  Further analysis, which looks at the timing of drawing revisions and 
the issue of RFIs and SIs, may show some relationship. In addition to determining the 
quantity of RFI's and SI's being issued, an analysis of the RFI response time was identified 
as being able to provide some insight into the causes and extent of information related time 
delays.   
Figure 5 shows the preliminary results of an investigation into the response time between 
the issue of an RFI and the receipt of a suitable response and looks at: 
• The quantity of RFI's indicating a response time, based on the response time 
requested; 
• The range of response times requested; 
• The quantity of responses issued within the times requested. 
 
While the results show that generally, the greater the response time requested, the greater 
the number of RFI's that were responded to on time, they also show that a large number of 
RFI's were not being responded to within the time required - i.e. on average only 55% 
timely responses to the above RFI's were calculated.  Another area of concern was the 
large number of RFI's requiring to be answered within the same day.  While some of the 
RFI's may have required urgent attention, it is also quite likely that many others were not 
as urgent and that this might have had a bearing on the low proportion of responses being 
issued on time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: CASE 1 - RFI Response Rate 
 
• Drawing Registers: 
Apart from providing an indication of documentation quality, the drawing registers also 
allow us to determine to what extent drawing issues and changes influence the volume of 
communication on the project.  To start with, a simple analysis – highlighting both the 
changes in the number of individual contract drawings issued and the number of revisions 
made – is carried out to determine any trends.  Additionally, Figure 6 graphically 
 illustrates that of the total 376 original, new and revised drawings issued by the various 
disciplines: 
• 0nly 34% were issued as original drawings; 
• As little as 0.005% were issued as new drawings; and 
• As many as 66% were calculated as being issued as revision drawings. 
Figure 6: CASE 1 - Number of Drawings Issued 
 
While there have been very few new drawings issued, there has been a large number of 
drawing revisions on this project, with the most being Architectural.  Although more 
analysis needs to be done, it is highly likely that all these changes have had an impact on 
the amount of communication issued on the project. 
10. Conclusion 
The Online Remote Construction Management (ORCM) project will demonstrate leadership in 
facilitating the use of on-line technologies for the design, management and construction of 
building and civil construction projects. ORCM Research findings will help reinforce the need 
for further research and monitoring of IT development and its level of adoption within the 
Australian and international construction industry. Ensuring that over time, all project 
stakeholders will realise the benefits of IT adoption/implementation and overcome the barriers 
of changing the existing organisation's behaviors; people; processes; structures and tasks. 
Brandon [2] states "without doubt the ability to bring people and technologies together in two-
way communication will have major social impact and integrate the world in a way that we 
have never experienced before."  
11. Acknowledgements 
The ORCM project is a major research project currently being undertaken by the Queensland 
University of Technology (QUT) Commonwealth Scientific Industrial Research Organisation 
(CSIRO) Construction Research Alliance, based at the Queensland University of Technology, 
Brisbane, Queensland, Australia. This research project is jointly funded (July 1999 to June 
2001) by the Queensland Government Information Industries Bureau (IIB) Department of 
Communication and Information, Local Government, Planning and Sport; the Queensland 
 
52 
36 
14 
13 
12 
 
2
0
0 
0 
0 
126
57
27 
24 
13 
0 20 40 60 80 100 120 140 160 180 200 
Architectural 
Structural 
Hydraulic 
Electrical 
Mechanical 
D
es
ig
n 
D
is
ci
pl
in
e  
Number of Drawings
Original Drawings New Drawings Drawing Revisions 
Drawing Revisions 126 57 27 24 13
New Drawings 2 0 0 0 0
Original Drawings 52 36 14 13 12
Architectural Structural Hydraulic Electrical Mechanical
 Department of Main Roads (DMR); the Queensland Department of Public Works (DPW); and 
the Queensland University of Technology. 
12. References 
 
[1] Paulson, B.C. (1995), Computer Applications In Construction. McGraw-Hill, Inc., 
Singapore. 
[2] Brandon, P. (2000), Construction IT: Forward To What? INCITE 2000 Conference, 
Implementing IT To Obtain a Competitive Advantage in the 21st Century, The Hong 
Kong Polytechnic University, Hong Kong, January. 
[3] Love, E.D. and MacSporran, C. (1996), The Use of Information Technology By 
Australian Construction Contractors. The Chartered Building Professional, June. 
[4] Shtub, A., Bard, J.F. and Globerson, S. (1994), Project Management Engineering, 
Technology, and Implementation. Prentice-Hall, Inc., USA, 29. 
[5] National Building and Construction Committee Department of Industry, Science 
and Resources (1998), Information Technology in the Building and Construction 
Industry: Current Status and Future Directions, A Report for the National Building and 
Construction Committee Department of Industry, Science and Resources. Prepared by 
the Fujitsu Center, Australian Graduate School of Management and Building Research 
Center, Faculty of the Built Environment, University of New South Wales, August. 
[6] Howell, I. (1996), The Need For Interoperability In The Construction Industry. In 
Proceedings of the InCIT 96 International Construction Information Technology 
Conference, Sydney, Australia, April. 
[7] Weippert, A., Tilley, P.A. and Kajewski, S. (2000), Online Remote Construction 
Management - Communication and Information Flow in Construction: Benchmark 
Methodology, Queensland University of Technology, School of Construction 
Management and Property, Brisbane Australia, November. 
[8] Kajewski, S., Weippert, A. and Tilley, P.A. (2000), Online Remote Construction 
Management (ORCM) Data Collection Research Methodology: Part 1, for the Online 
Remote Construction Management (ORCM) Research Project, Queensland University 
of Technology, School of Construction Management and Property, Brisbane Australia, 
January. 
[9] Orr, J. (2000), Extranets Newsletter, June, Extranet World, see 
http://www.extranet.com/ 
[10] Crawford, J.R. and Wilson, B.G. (2000), Technology Review for ORCM (Online 
Remote Construction Management) Project, Commonwealth Scientific Industrial 
Research Organisation (CSIRO) Construction Research Alliance, Melbourne, Australia, 
September. 
[11] Weippert, A., Tilley, P.A. and Kajewski, S. (2000), Online Remote Construction 
Management - Communication and Information Flow in Construction: Benchmark 
Methodology, Queensland University of Technology, School of Construction 
Management and Property, Brisbane Australia, November. 
 
